Microdiamonds from the Akluilâk minette dykes (Nunavut, Canada) are similar to diamonds formed in subducted metamorphic rocks. High concentrations of unaggregated nitrogen and positive ␦ 15 N suggest that the microdiamonds formed within rocks subducted to ultrahigh pressures before being sampled by the minette magma 1.8 billion years ago. This ultrahigh pressure metamorphism in North America, probably related to the Trans-Hudson orogen (about 2 billion years ago), extends the occurrence of ultrahigh pressure metamorphism from 0.6 billion years to before 1.8 billion years ago and suggests that Phanerozoic-type subductions were active by the Early Proterozoic.
The recognition of ultrahigh pressure (UHP Ͼ 2.8 GPa) metamorphic minerals such as coesite (1) and diamond (2) has provided evidence for the exhumation of segments of crustal rocks from depths exceeding 130 km (3) . Relict coesite and diamond are preserved from reequilibration during uplift because they are included in and armored by strong minerals such as zircons or garnets (1) (2) (3) and maintained at high internal pressures (4) . UHP terranes are increasingly recognized in spite of their small areal extent (generally on the order of a few tens of kilometers) from all continents except Australia and North America (3, 5) . Moreover, all UHP terranes identified so far are restricted to subduction settings younger than 0.6 ϫ 10 9 years ago (Gya) (3, 5, 6) ; this suggests a change in geothermal gradients from 15°to 22°C km -1 to 6°t o 7°C km -1 at the Late Proterozoic to allow the initiation of UHP metamorphism (5). Metamorphic diamonds form within metamorphic rocks and, because they are smaller than 500 m in two dimensions, they are referred to as microdiamonds. Metamorphic diamonds have been described from a variety of lithologies (2, (7) (8) (9) .
Our study considers 60 microdiamonds from the Akluilâk ultrapotassic minette dyke system (63°35ЈN, 93°30ЈW), Central Churchill Province, Nunavut, Canada ( fig. S1 ), which has an age of emplacement of 1832 ϫ 10 6 Ϯ 28 ϫ 10 6 years (Ma) (12) . The dykes are about 1 to 2 m in width and over 15 km in length (10, 11) , with heterogeneous diamond grades [0 to 856 diamonds per kg (10) ]. Most of the thousands of diamonds recovered are microdiamonds (Ͻ0.5 mm), with no diamond larger than 1 mm (10, 11) . In addition, the dykes contain ϳ1 to 5 volume % xenoliths (rarely up to 80 volume % in some places), which are up to 0.6 m in size and include granitic gneiss and other metamorphic rocks (11) . The samples were recovered from a 22-kg rock sample, which, as described in (10) , yielded 1767 diamonds, including two diamonds bigger than 500 m.
The diamonds show intense coloration, with variable shades of olive green, yellow, burgundy, and brown (table S1) . Visually, many diamonds are zoned, with distinct darker-colored cores. Diamond morphologies include octahedra, cubes, cubo-octahedral combinations, resorbed dodecahedral forms, incomplete crystals, and fragments ( fig. S2 ). Octahedral diamonds tend to be yellow to brown, whereas the cubes are generally olive green. Surface textures on primary crystals show resorption features such as negatively oriented trigons on octahedral faces and negatively oriented tetragonal pits on cubic faces. On resorbed forms, short hillocks, terraces, and shallow depressions, which are associated with poorly defined microdisk patterns, are noted (12, 13) . The nitrogen content and defect speciation of diamonds were determined with the use of Fourier transform infrared (FTIR) microspectroscopy (14) . N contents are high [average ϳ3750 parts per million (ppm)], up to 9300 ppm, with no nitrogen-free diamonds detected ( (Fig. 1A) . In kimberlites and lamproites, most diamonds (Ͼ95%) are xenocrysts and formed earlier in rocks equilibrated in Earth's mantle (18, 19) . Data [n ϳ 3000, e.g., (19 -24) (24) ; see also (19 -23, 25, 27-29) ] of type Ib-IaA diamond in kimberlites and lamproites is thus explained and contrasts with the high content of unaggregated nitrogen of Akluilâk microdiamonds.
Some diamonds (Ͻ5%) referred to as fibrous/coated diamonds may represent phenocrysts, related to the (proto-)kimberlite [(15); for review, see (30) ]. On average, these have higher N contents [average ϳ 900 ppm, with all Ͻ 3350 ppm (20, 30) ] than xenocryst diamonds. Aggregation states are almost pure IaA (30) with rare samples preserving a Ib component (29) . The C-and N-isotope characteristics of these diamonds are restricted [␦ 13 C from -8 to -5‰ and ␦ 15 N from -8 to -2‰ (25, 30) ]. Although more comparable than xenocrystic diamonds, these again differ from the Akluilâk microdiamonds data (Fig.  2 and figs. S3 to S5).
The intense dark yellowish brown color of the Akluilâk micro-and macrodiamonds is distinct and would have been easily recognized in kimberlite-and lamproite-derived micro-and macrodiamond populations; this is supported by available data showing no fundamental difference between micro-and macrodiamonds (31) (32) (33) . Among reported occurences of Ib-IaA microdiamonds, these were restricted to cubic shapes, only occurred in kimberlites and not in lamproites (28) , and had aggregation state Ͼ 85% IaA, some extending to the IaB series (28) .
By comparison with phenocryst and xenocryst diamonds, the high concentrations of unaggregated N points to growth conditions unrelated to the mantle. Another possibility is that the Akluilâk microdiamonds are impactrelated and grew at high temperatures over a short time period. Proven impact-related diamonds, however, are characterized by N contents below 60 ppm [average ϳ 5 ppm (34)] and this is two orders of magnitude lower than those for Akluilâk microdiamonds. Carbonado, another diamond type, is also unlikely because it has ␦ 13 C mainly between -32 and -25‰ (35) .
In our view, Akluilâk microdiamonds are metamorphic diamonds formed in a cold subduction-related environment (2, 7-9, 36, 37) . The present data show that their Naggregation states and N contents are almost identical (Fig. 2 and fig. S3 ) to metamorphic diamonds from Kokchetav (38 -40) and Fjørtoft (37) (fig. S4) .
The infrared data for the diamonds from Akluilâk are compatible with a model of diamond crystallization from a water-rich fluid phase (Fig. 1) , such as other diamonds from Kokchetav (38 -40) , Erzgebirge (44), and Fjørtoft (37) . The presence of high concentrations of nitrogen within metamorphic microdiamonds suggests that the fluid(s) from which these diamonds crystallized may have been in equilibrium with, or had been produced by, the breakdown of a N-bearing phase such as phengite. The difference in infrared character between samples TL010 to TL012 and the rest of the diamonds from Akluilâk, as well as the observed variation in ␦ 15 N, may indicate the involvement of more than one protolith composition in diamond formation. It is uncertain whether metamorphic diamonds crystallize during prograde, peak, or retrograde metamorphism. However, the study of rocks in which the Akluilâk microdiamond formed (when identified) in conjunction with the kinetics of nitrogen aggregation will place tight constraints on timetemperature postdiamond growth history and terrane exhumation (38) (Fig. 2) . The metamorphic diamonds from Akluilâk may reside at depths ranging from 0 to 35 km before incorporation in the minette magma, because, at corresponding temperatures from 0 to ϳ450°C, no notable aggregation of N atoms would occur (26) (SOM Text).
The present report provides evidence for an UHP metamorphic province in North America, moreover in an area where few high-pressure eclogite-facies rocks have been documented (3, 5) . The occurrence of metamorphic microdiamonds within a 1.8-Ga magmatic host demonstrates that UHP metamorphism was active before 1.8 Gya and contradicts models suggesting that UHP metamorphic processes did not occur before circa 0.6 Gya (5). We suggest that Phanerozoic-type orogenies with attendant rapid subduction and exhumation from great depths may be extended to at least the Early Proterozoic. The recognition of UHP metamorphic-type microdiamonds within the 1.8-Ga Akluilâk dykes is consistent with the collision of the Slave and Superior Provinces with the Churchill Province during either the 2.0-Ga Thelon or the 1.9-Ga Trans-Hudson orogenies (45 ) . Additionally, the present study supports the efficient subduction of volatiles such as nitrogen, water, and carbon to depths exceeding pressures of 3.5 GPa before 1.8 Gya.
The unusually low aggregation states associated with high nitrogen contents in metamophic diamonds might be a useful tool in the search for new UHP provinces. Diamond is an extremely resistant mineral that may be transported over hundreds of kilometers. Macro-and microdiamonds are at times recognized during routine geological exploration programs, e.g., in the search for gold (46) , and a systematic survey of such diamonds with an emphasis on bright to dark yellow diamonds using infrared microspectroscopy might lead to the identification of further UHP metamorphic diamonds. In situ x-ray diffraction measurements of MgSiO 3 were performed at high pressure and temperature similar to the conditions at Earth's core-mantle boundary. Results demonstrate that MgSiO 3 perovskite transforms to a new high-pressure form with stacked SiO 6 -octahedral sheet structure above 125 gigapascals and 2500 kelvin (2700-kilometer depth near the base of the mantle) with an increase in density of 1.0 to 1.2%. The origin of the DЉ seismic discontinuity may be attributed to this post-perovskite phase transition. The new phase may have large elastic anisotropy and develop preferred orientation with platy crystal shape in the shear flow that can cause strong seismic anisotropy below the DЉ discontinuity.
MgSiO 3 perovskite is believed to be a principal mineral, at least in the upper part of the lower mantle, but its stability and possible phase transition at greater depths remain uncertain. Because seismic observations have shown unexplained features in the lowermost mantle (1-4), solid-solid phase transitions that could occur in this region are a subject of debate. Previous experiments have confirmed the conservation of orthorhombic (Mg, Fe) SiO 3 perovskite (space group: Pbnm) up to 127 GPa (5-7), consistent with firstprinciples total energy calculations (8) (9) (10) . In contrast, an experimental study by Shim et al. (11) suggested a subtle change in the perovskite structure above 83 GPa and 1700 K. The dissociation of MgSiO 3 into mixed oxides was also previously found at 70 to 80 GPa (12, 13) , but it was possibly due to melting or diffusion caused by a large temperature gradient in these earlier studies (14) . Here we report in situ x-ray observation of pure MgSiO 3 composition at high pressure and temperature up to 134 GPa and 2600 K corresponding to the conditions at the core-mantle boundary region. Angle-dispersive x-ray diffraction (XRD) spectra were collected at BL10XU of SPring-8 (15) . High-pressure and -temperature conditions were generated in a laserheated diamond anvil cell (LHDAC) (16). MgSiO 3 gel was used as a starting material. It was mixed with platinum powder that served both as an internal pressure standard and a laser absorber. The sample mixture (ϳ25 m thick) was loaded into a 60-m hole drilled in the rhenium gasket together with insulation layers of MgSiO 3 gel unmixed with platinum (ϳ10 m thick on both sides). They were compressed with 200-m culet beveled diamond anvils. Heating was achieved by a focused multimode continuous-wave Nd: yttrium-aluminum-garnet laser using the double-side heating technique (17) , which minimizes radial and axial temperature gradient in the sample (18) . A heating spot was about 50 m in diameter. Temperature was measured from one side by the spectroradiometric method (19) . The uncertainty in temperature 
